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Abstract--With the introduction of distributed generation 
(DG) into distribution systems, island operation of DGs is 
regarded as a promising approach to improve system reliability. 
During system outages, DGs can be utilized to support part of the 
loads in the de-energized area and guarantee the continuity of 
power supply to these customers. To maximize the benefit of 
reliability improvement from island operation, the load amount 
included in the island should be maximized. Therefore the 
boundary of the islands should be carefully designed. 
In this paper, the problem of optimal island boundary design 
in radial distribution systems with single DG is formulated as a 
modified knapsack problem. The system topology constraint is 
considered, via a subtle formulation of the objective function. 
Voltage constraint is also included, by modifying the traditional 
manual voltage calculation method in distribution network. 
Moreover, the problem of optimal island boundary design with 
double DGs is also investigated. Based on the idea of 
reformulating the problem into single DG island boundary 
design problem, methods for system representation modification 
are proposed to maximize the load amount supported by double 
DGs. 
Both mathematic models are tested on the IEEE 41 bus 
distribution system. Simulation results have verified the 
effectiveness of these models, and discussions are given based on 
the test results. 
 
Index Terms--Islanding, distributed generation (DG), mixed 
integer nonlinear optimization, distribution system voltage 
I.  NOMENCLATURE 
 N        Total bus number 
 i, j       Bus index 
im       Binary decision variable indicating whether bus i is 
selected in the island 
iw      The equivalent priority level of load on bus i. It can 
be chosen arbitrarily. A bigger iw  indicates a 
higher priority level of the load 
 ,D iP     Active power demand at bus i 
  L    A symmetrical matrix of binary variables, with a 
dimension of N×N.  Each element ijl  indicates the 
topological connection between bus i and bus j. If 
bus i and bus j are connected, 1ijl = , otherwise 
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0ijl =  
iV            Voltage of bus i 
,D iI          Load current at bus i 
,D iREI     Real part of load current at bus i 
,D iIMI      Imaginary part of load current at bus i 
max
,G iP        Rated active power capacity of DG i 
iZ          The line impedance of the line between bus i and 
the bus upstream bus i 
0,iV           Initial voltage of bus i 
0,iREV     Real part of initial voltage of bus i 
0,iIMV      Imaginary part of initial voltage of bus i 
GV           Generator bus voltage 
,D iI          The initial current of load at bus i, given by 
power flow calculation on the entire system. 
refV         The reference voltage, with a magnitude of 1 p.u., 
and a phase angle of 0 degree 
,B iZ         Boundary impedance. The impedance between 
the boundary bus i and the virtue generator bus 
,BI iZ       Total impedance between the boundary bus i and 
generator I 
,BII iZ      Total impedance between the boundary bus i and 
generator II 
II.  INTRODUCTION 
UE to the improvement of people’s living standards, 
higher and higher requirements have been putting on the 
quality and reliability of power supply. In this case, not only 
more energy is demanded, but also the continuity of power 
supply is emphasized. As over 70% interruptions suffered by 
end users are caused by faults in distribution systems, 
measures must be taken to compensate this problem in order 
for the utilities to achieve substantial improvement in system 
reliability [1]. 
Historically the utilities have been continuously building 
more and more facilities to meet the booming in electricity 
demand [2]. However, this solution is both time and capital 
consuming, and requires large amount of work. With the 
prevalent of distributed generation (DG) in distribution 
systems these days, island operation of DG units provides a 
new approach to improve distribution system reliability. 
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When fault happens in a distribution system, traditionally 
all customers connected to the downstream of the fault 
location will be disconnected from the upstream distribution 
system, and therefore be de-energized. They are not able to be 
supplied with electricity until the fault is repaired and 
upstream system is recovered. This process normally takes a 
long time, and this prolonged duration of interruption is very 
unfavorable, especially to customers requiring high reliability 
of power supply, such as hospitals, governments, and 
industries with high capital intensities. 
With the existence of DG units, they could be used to 
support the area de-energized from the substation. In this case 
the supported loads shall not have to experience the prolonged 
interruption and the system reliability will be improved.  
However, as capacities of DGs are often relatively small 
compared to the total system load amount, they are rarely 
enough to re-energize all disturbed loads. Therefore it is 
obvious that if the DG can support more loads in the isolated 
area, the system reliability can be improved to a larger extent. 
Figuratively, customers supported by the DG in the de-
energized area would form an electric island. Loads within the 
island are electrically supplied, while loads outside the island 
are not. The island size is maximized when load amount being 
served in the isolated area is maximized, and in this case, 
system reliability improvement brought by the DG island 
operation is maximized. To achieve this, loads to be included 
in the island should be strategically selected. That is to say, 
the boundary of the island should be carefully designed. The 
total load amount should be as large as possible, without 
exceeding the total capacity of the DG units. Other topological 
and operational constraints should also be taken into 
consideration. 
However, due to the complexity of this problem, not many 
successful solutions have been proposed by previous 
researchers. The problem is of a nonlinear and discrete nature, 
and is NP-complete in optimization. Several bold attempts are 
made by different researchers. For example in [3] this problem 
is formulated into a knapsack problem, which is a typical 
integer programming problem, and the topology constraint, 
which is used to guarantee all selected buses are connected 
together, is handled by an adaptation of branch-and-bound 
algorithm. On the other hand, the optimal island boundary 
design problem is represented by the optimal switch 
placement problem in [4], in which many prerequisites are set, 
such as the inclusion of priority loads. Moreover in [5], the 
concept of rooted tree in graph theory is used to search island 
boundary. However, none of these methods can guarantee the 
optimality of its solution, and the computational speed is slow 
due to the complexity of the algorithms. 
In this work, an innovative mathematic formulation is 
proposed to solve the island boundary design problem in 
radial distribution systems. It successfully takes system 
topology and voltage constraints into consideration. 
Moreover, its simple mathematic form ensures its universality 
and easiness in utilization. 
This paper is structured as follows. Section III introduces 
the mathematic model for optimal island boundary design with 
single DG and Section IV describes the model with double 
DGs. In Section V results from case studies on the IEEE 41 
bus distribution system are presented, and discussions on the 
results are given in Section VI. Finally conclusions drawn 
from this work are shown in Section VII. 
III.  MATHEMATIC MODEL FOR MAXIMUM ISLANDING WHITH 
SINGLE DG UNIT 
The model described in this section aims to maximize the 
island size in terms of load amount, given the location and 
capacity of DG, considering system topology, voltage and 
other operational constraints. The model is formulated as a 
modified knapsack problem. 
A.  Objective Function 
The objective of this optimization model is to maximize the 
load amount included in the island. Binary variable im is 
introduced to indicate whether bus i is selected. That is to say, 
we have 
 
1, in
0,
i
i
m if busi is selected the island
m otherwise
=⎧⎨
=⎩
  
In order to guarantee all the selected loads are connected to 
each other, the bus indices are redefined layer by layer, as 
shown in Fig 1, with the generator bus identified as bus 1, and 
buses directly connected to bus 1 are defined as the second 
layer, which are identified as bus 2, bus 3… consecutively. 
Then similarly, buses connected to buses in layer 2 are 
defined as layer 3, and are identified as bus 4, bus 5, bus 6… 
consecutively. 
 
Fig. 1.  Original and modified bus indices. 
 
After this modification, the objective function can be 
written as: 
 
1
, 1 1 ,1
1 1
( 1)
N N
i j ij j D j D
i j i
m m l w P m w P
−
= = +
+ − ⋅ ⋅ ⋅ + ⋅ ⋅∑ ∑  (1) 
B.  Topological and Operational Constraints 
To ensure the operational feasibility of the islanded system, 
the following constraints are considered. 
1) Power source constraint: the DG bus must be selected in 
the island to be formed 
 1 1m =  (2) 
2) Topology constraint: all selected buses should be 
electrically connected 
 ( ) 0j i ijm m l− ⋅ ≤  (3) 
3) Active power balance constraint: the actual active power 
output of the DG should not exceed its capacity 
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 max1 ,
1
N
i D i G
i
V m REI P
=
× ⋅ ≤∑  (4) 
4) Voltage constraint: the voltage of buses in the formed 
island should all be within the specified range. As the decision 
variable in this model is island topology, and the number and 
location of buses in the island to be formed is uncertain during 
the calculation process, current add method is adopted to 
calculate voltage of buses in the island. 
In a radial distribution system bus voltage decreases 
monotonously along the distribution line. The voltage drop 
along the line equals to the product of line current and line 
impedance. Moreover, the line current equals to the 
summation of load current downstream the studied line. That 
is to say, in the example system shown in Fig. 2, the line 
current can be written as 
 
{ }
, ,
i
L i D i
k h
I I
∈
= ∑  (5) 
where { }ih represents the set of all buses downstream of 
bus i. 
And bus voltage can be written as 
 
{ }
,
i
i G L p p
p r
V V I Z
∈
= − ⋅∑  (6) 
where{ }ir represents the set of all buses upstream of bus i. 
 
,1LI ,2LI ,3LI ,4LI ,6LI,5LI
,1DI ,2DI ,3DI ,4DI ,5DI ,6DI
1 2 3 4 5 6
 
Fig. 2.  Six bus example system. 
 
Then 0,iV , the initial voltage of bus i given by power flow 
calculation on the entire system, can be written as 
 
{ }
0, ,
i
i i G L p p
p r
V V V I Z
∈
= = − ⋅∑  (7) 
As an island is normally only part of a distribution system, 
some buses at the end of distribution lines may not be 
included in the islanded system. Therefore the voltage of 
buses in the island has to be modified based on the initial 
voltage 0,iV . In this model, current add method is used for this 
correction. If a bus is not selected to be included in the island, 
its contribution to voltage drop on its upstream buses is added 
back to those bus voltages. 
The voltage drop caused by load at bus k on bus i (i≤k) 
equals to 
 
{ }
, ,
i
i k D k p
p r
V I Z
∈
Δ = ⋅ ∑  (8) 
So when bus i is selected in an island, while it is uncertain 
whether its downstream buses are selected or not, the voltage 
of bus i can be written as 
 ( )
{ }
0, ,1
i
i i k i k
k h
V V m V
∈
= + − ⋅ Δ∑  (9) 
Replace ,i kVΔ  by Equation (8), we have 
 
{ }
( )
{ }
0, ,1
i i
i i p k D k
p r k h
V V Z m I
∈ ∈
= + ⋅ −∑ ∑  (10) 
Assuming the variation in ,D iI  caused by the absence of its 
downstream buses is very small, load current can always be 
represented by ,D iI . 
Moreover, as iV , 0,iV , iZ  and ,D iI  are complex numbers, 
they have to be separated into real and imaginary parts and 
calculated respectively.   
Given active and reactive power consumed by load on bus i 
,D iP and ,D iQ , as well as initial bus voltage 0,iV  given by 
power flow calculation, the load current can be written as 
 , ,,
0, 0,
D i D i
D i
i i
P jQ
I
REV jIMV
−
=
+
 (11) 
As  
 , , ,D i D i D iI REI jIMI= +  (12) 
We have 
 , 0, , 0,, 2 2
0, 0,
, 1,...,D i i D i iD i
i i
P REV Q IMV
REI i N
REV IMV
⋅ − ⋅
= =
+
 (13) 
 , 0, , 0,, 2 2
0, 0,
, 1,...,D i i D i iD i
i i
Q REV P IMV
IMI i N
REV IMV
⋅ + ⋅
= − =
+
 (14) 
Similarly, 
 
{ } { } { } { }
( )
i i i i
p p p p p
p r p r p r p r
Z R jX R j X
∈ ∈ ∈ ∈
= + = +∑ ∑ ∑ ∑  (15) 
 { }
( )
{ }
{ }{ }
, , ,
, ,
(1 ) (1 )
(1 ) (1 )
i i
i i
k D k k D k D k
k h k h
k D k k D k
k h k h
m I m REI jIMI
m REI j m IMI
∈ ∈
∈ ∈
− ⋅ = − +
= − ⋅ + − ⋅
∑ ∑
∑ ∑  (16) 
Therefore 
 
{ }
( )
{ }
{ } { }
{ }{ }
0, ,
0, 0,
, ,
1
( ) ( )
(1 ) (1 )
i i
i i
i i
i i p k D k
p r k h
i i p p
p r p r
k D k k D k
k h k h
V V Z m I
REV IMV R j X
m REI j m IMI
∈ ∈
∈ ∈
∈ ∈
= + ⋅ −
= + + + ⋅
⎛ ⎞
− ⋅ + − ⋅⎜ ⎟⎜ ⎟⎝ ⎠
∑ ∑
∑ ∑
∑ ∑
 (17) 
Split iV  into real and imaginary parts, we have 
 i i iV REV jIMV= +  (18) 
Therefore we can get 
 
{ } { }
{ } { }
0, ,
,
(1 )
(1 )
i i
i i
i i p k D k
p r k h
p k D k
p r k h
REV REV R m REI
X m IMI
∈ ∈
∈ ∈
= + ⋅ − ⋅ −
⋅ − ⋅
∑ ∑
∑ ∑  (19) 
 
{ } { }
{ } { }
0, ,
,
(1 )
(1 )
i i
i i
i i p k D k
p r k h
p k D k
p r k h
IMV IMV X m REI
R m IMI
∈ ∈
∈ ∈
= + ⋅ − ⋅ +
⋅ − ⋅
∑ ∑
∑ ∑  (20) 
Moreover, as i iIMV REV?  in distribution systems ( iIMV  
is normally less than 1% of iREV ), we can assume 
 i iV REV=  (21) 
Therefore we have 
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{ } { }
{ } { }
0, ,
,
(1 )
(1 )
i i
i i
i i p k D k
p r k h
p k D k
p r k h
V REV R m REI
X m IMI
∈ ∈
∈ ∈
= + ⋅ − ⋅ −
⋅ − ⋅
∑ ∑
∑ ∑  (22) 
Then the voltage constraint can be written as 
 min maxi i i im V V V⋅ ≤ ≤  (23) 
IV.  MATHEMATIC MODEL FOR MAXIMUM ISLANDING WHITH 
DOUBLE DG UNITS 
With the penetration level of DG units becomes higher and 
higher in the distribution system, it is more and more often 
that there are more than one DG unit installed. In this case, the 
island scope they form can be of various combinations. Each 
DG can form a single island, or two or more DGs can form an 
island together. That is to say, the total number of islands in 
the isolated area could vary from one to the total DG unit 
number and the possible combination of DG units to form 
island increases drastically with the increase of the total DG 
unit number installed in the system. Therefore, it is necessary 
to design a feasible method to decide the optimal island 
boundary formed by multiple DGs in the distribution system. 
In this work, the method is designed in a double-DG scenario. 
However, it should be noted that this method can be expanded 
to solve the maximum islanding problem with multiple DGs 
as well. 
A.  Method for System Topology Representation Modification 
The basic idea of this calculation method is to reformulate 
the double DG maximum islanding problem into a single DG 
problem. To achieve this, system representation need to be 
modified, and some equivalence techniques need to be utilized. 
When two DGs are installed in the distribution system, 
each of them can be treated as a single DG and the mathematic 
model proposed in the previous Section can be used to decide 
the maximum island they could form by themselves 
respectively. If the islands formed by these two DGs do not 
overlap with each other, the summation of these two islands 
can be regarded as the maximum island scope formed by these 
two DGs. However if the islands formed by these two DGs do 
overlap with each other, some modification on the system 
topology representation shall be needed to decide the 
maximum island size.  
In this method for system topology representation, the core 
network is defined as the aggregation of buses located on the 
route between the two generators. As we have presumed that 
the distribution system is of a radial structure, there exists only 
one route between the two generators. Buses within the core 
network will be combined together and form a virtue 
generator bus in the modified system topology representation. 
The capacity of the virtue generator is calculated by 
 max max,1 ,2
virtue core
G G G GP P P P= + −  (24) 
where 
 
{ }
,
core
G ref D s
s core
P V REI
∈
= × ∑  (25) 
Moreover, to determine the line impedance between the 
virtue generator bus and its downstream buses, following 
definition are made. A boundary bus is defined as a bus within 
the core network, while its nearest downstream bus is outside 
the core network. A boundary line is defined as the line 
between a boundary bus and its nearest downstream bus. 
However, it should be noted that in this method, the generator 
buses are not regarded as boundary buses. Then the boundary 
impedance is calculated by 
 , , ,/ /B i BI i BII iZ Z Z=  (26) 
B.  Maximum Islanding Method with Double DGs 
After the modification of system topology representation, 
the maximum islanding problem with double DGs can be 
reformulated into that with single DG. To summarize, the 
following steps should be followed to solve the double DG 
maximum islanding problem. 
Step 1: Given the location and capacity of each DG, decide 
maximum island formed by each single DG utilizing 
mathematic models given either in Section III. 
Step 2: If the islands formed by the two DGs do not 
overlap with each other, the summation of these two islands is 
the maximum island formed by these two DGs. Otherwise go 
to step 3. 
Step 3: If the islands formed by the two DGs overlap with 
each other, modify the system topology representation. After 
forming the core network, calculate virtue generator capacity 
and boundary impedance. 
Step 4: Calculate maximum island with the single virtue 
generator in the modified system, using mathematic models 
given in Section III. 
V.  CASE STUDY AND DISCUSSIONS 
The mathematic models proposed in Section III and 
Section IV are tested in this Section, to decide the maximum 
island in different scenarios in the IEEE 41 bus distribution 
system. This system is modified based on the system 
described in [6]. A one line diagram of the system is shown in 
Fig. 3 and configurations shown in Table I. The substation of 
this system is located at bus 1. The total average active and 
reactive load amounts are 4635 kW and 3250 kVar, 
respectively.  
  
 
Fig. 3.  One-line diagram of the IEEE 41 bus distribution system. 
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A.  Maximum Islanding with Different DG Capacities 
In this Sub-section, mathematic model proposed in Section 
III is used to decide island boundaries with single DG. The 
DG unit is located at bus 9, and its capacity varies. The results 
are shown in Table II.  
TABLE I 
PARAMETERS OF THE IEEE 41 BUS DISTRIBUTION SYSTEM 
 
Line 
Index 
To Bus 
Index 
From 
Bus 
Index 
Line 
Resistance R 
(ohm) 
Line 
Reactance X 
(ohm) 
From bus 
Load Active 
Power Pl 
(kW) 
From bus Load 
Reactive 
Power Ql 
(kvar) 
1 1 2 0.0992 0.0470 100 60 
2 2 3 0.4930 0.2511 90 40 
3 3 4 0.3660 0.1864 120 80 
4 4 5 0.3811 0.1941 60 30 
5 5 6 0.8190 0.7070 60 20 
6 6 7 0.1872 0.6188 200 100 
7 7 8 0.7114 0.2351 200 100 
8 8 9 1.0300 0.7400 60 20 
9 9 10 1.0440 0.7400 60 20 
10 10 11 0.1966 0.0650 45 30 
11 11 12 0.3744 0.1238 60 35 
12 12 13 1.4680 1.1550 60 35 
13 13 14 0.5416 0.7129 120 80 
14 14 15 0.5910 0.5260 60 10 
15 15 16 0.7463 0.5450 60 20 
16 16 17 1.2890 1.7210 60 20 
17 17 18 0.7320 0.5470 90 40 
18 2 19 0.1640 0.1565 90 40 
19 19 20 1.5042 1.3554 90 40 
20 20 21 0.4095 0.4784 90 40 
21 21 22 0.7089 0.9373 90 40 
22 3 23 0.4512 0.3083 90 50 
23 23 24 0.8980 0.7091 420 200 
24 24 25 0.8960 0.7011 420 200 
25 6 26 0.2030 0.1034 60 25 
26 26 27 0.2842 0.1447 60 25 
27 27 28 1.0590 0.9337 60 20 
28 28 29 0.8042 0.7006 120 70 
29 29 30 0.5075 0.2585 200 600 
30 30 31 0.9744 0.9630 150 70 
31 31 32 0.3105 0.3619 210 100 
32 32 33 0.3410 0.5302 60 40 
33 10 34 0.2030 0.1034 60 25 
34 34 35 0.2842 0.1447 60 25 
35 35 36 1.0590 0.9337 60 20 
36 36 37 0.8042 0.7006 120 70 
37 37 38 0.5075 0.2585 200 600 
38 38 39 0.9744 0.9630 150 70 
39 39 40 0.3105 0.3619 210 100 
40 40 41 0.3410 0.5302 60 40 
 
It can be seen from the result that when the generator 
capacity is relatively small, the generator output increases 
monotonously when the generator capacity increases and the 
actual generator output is very close to the generator capacity. 
Generator capacity decides the size of the islanded area. 
However, when generator capacity is relatively large, above 
2900 kW in this case, the island size remains at a certain value 
although the generator capacity continues to increase. Voltage 
constraint becomes the main factor deciding the size of the 
islanded area. Buses that are far from the generator can not be 
included into the island due to their poor voltage level, no 
matter how large the generator capacity is.  
 
TABLE II 
RESULTS FOR MAXIMUM ISLANDING WITH SINGLE DG 
 
Generator 
Capacity 
(kW) 
Island Scope 
Total Active 
Power Load    
(kW) 
300 9,10,11,12,13 284.8 
950 8,9,10,11,12,13,14,34,35,36,37 904.8 
1500 5,6,7,8,9,10,11,12,13,26,27,28,29,34,35,36, 37 1404.8 
2050 3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,26,27,28,29,34,35,36,37 1915.2 
2900 3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,26,27,28,29,34,35,36,37,38,39,40,41 2626.4 
3600 3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,26,27,28,29,34,35,36,37,38,39,40,41 2626.4 
4400 3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,26,27,28,29,34,35,36,37,38,39,40,41 2626.4 
5000 3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,26,27,28,29,34,35,36,37,38,39,40,41 2626.4 
 
B.  Maximum Islanding with Different DG Capacities under 
Different Voltage Constraints 
It can be conjectured from the results from the previous 
Sub-section that for a given DG location and system voltage 
constraint, there should exist a maximum island size. When 
the island size reaches this maximum value, the load amount 
within the island would not become larger with the increase of 
DG capacity. In this study case, DG capacity increases 
continuously from 0 to 5000 kW, with an interval of 10 kW. 
Upper voltage level is fixed at 1.05 p.u., while different lower 
voltage limits, 0.91 p.u. to 0.96 p.u., are adopted for six sub-
cases respectively. 
 
Fig. 4.  Island size versus generator capacity under different voltage 
constraints 
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It is shown in Fig 4 that island size remains at a same value 
when the DG capacity is large enough. With the increase of 
lower voltage limit, the maximum island size becomes smaller. 
This result further validates the impact of system voltage 
constraint on the island size. 
C.  Maximum Islanding with Double DGs 
In this Sub-section, maximum islanding problem by two 
DGs with different total capacities is studied. In each sub-case, 
the two DGs are of same capacity. The locations of the two 
DGs are at bus 4 and bus 12 respectively. The lower voltage 
limit varies from 0.91 p.u. to 0.95 p.u., while the upper 
voltage limit stays at 1.05 p.u.. Calculation method described 
in Section IV is used to decide the maximum island formed 
the two DGs. 
The result shows that when the capacity of each generator 
equals to or is less than 1000 kW, that is in the first four sub-
cases, islands formed by the two generators do not overlap 
with each other and otherwise in the last seven sub-cases, 
islands formed by the two generators would overlap with each 
other and shall be combined into one island. 
 
TABLE III 
RESULTS FOR MAXIMUM ISLANDING WITH DOUBLE DGS 
 
Generator 
Capacity 
(kW) 
Island Scope 
Total Active 
Power Load  
(kW) 
200+200 4,5 10,11,12 344.8 
400+400 3,4,5,6,26 9,10,11,12,13,34 735.2 
700+700 2,3,4,5,6,19,23,26 8,9,10,11,12,13,34,35,36 1336.0 
1000+1000 2,3,4,5,6,7,19,23,26,27,28 
8,9,10,11,12,13,34,35,36,
37,38 1976.0 
1100+1100 2,3,4,5,6,7,8,9,10,11,12,23,26,27,28,29,34,35,36,37,38,39 2096.0 
1350+1350 2,3,4,5,6,7,8,9,10,11,12,19,23,24,26,27,28,29,34,35,36,37,38,39 2606.4 
1550+1550 2,3,4,5,6,7,8,9,10,11,12,19,20,21,23,24,26,27,28,29,30,34,35,36,37,38,39 2987.2 
1800+1800 2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,19,20,21,23,24,26,27,28,29,30,31,34,35,36,37,38,39 3497.6 
2000+2000 
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,19,20,2
1,23,24,26,27,28,29,30,31,32,34,35,36,37,38,39
,40 
3918.4 
2200+2200 
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,2
0,21,22,23,24,26,27,28,29,30,31,32,33,34,35,36
,37,38,39,40,41 
4219.2 
2400+2400 
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,2
0,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35
,36,37,38,39,40,41 
4639.2 
 
Moreover, islands formed by the two DGs do not change 
when the voltage constraints are different. Island scopes stay 
the same as is shown in Table III. This is due to the reactive 
power support introduced by the DGs. As both DGs have the 
ability to maintain the generator bus voltage level, the voltage 
profile is better than that when the system has only one DG 
installed. For example, Table IV shows the voltage profile of 
the studied system, when each of the two DGs has a capacity 
of 2800 kW and 2240 kVar. It can be seen that the lowest 
voltage is 0.954 p.u., appearing at bus 33. This minimum 
voltage level is higher than the most stringent voltage 
constraint which is 0.95 p.u.. Therefore, the voltage constraint 
is relaxed in this problem, and therefore does not affect the 
optimization result.  
It can also be further concluded that in a distribution 
system, when the total capacity of generator is large enough, it 
is likely that the island formed by two DGs is larger than the 
island formed by a single DG. Due to the DGs’ contribution to 
reactive power support, the system voltage profile is likely to 
be improved, and the formed island scope is likely to be 
enlarged. However, when the total capacity is relatively small, 
voltage constraint is relaxed in deciding the maximum island 
scope, and system loss caused by double DGs is likely to be 
larger than that of single DG. In this case, single DG would be 
a more favorable choice to maximum the island formed. 
 
TABLE IV 
BUS VOLTAGES WITH DOUBLE DGS 
 
Bus 
Index
Bus 
Voltage 
(p.u.) 
Bus 
Index
Bus 
Voltage 
(p.u.) 
Bus 
Index 
Bus 
Voltage 
(p.u.) 
Bus 
Index
Bus 
Voltage 
(p.u.) 
1 0.994 12 1 23 0.992 34 0.992 
2 0.994 13 0.994 24 0.986 35 0.989 
3 0.996 14 0.992 25 0.982 36 0.978 
4 1 15 0.991 26 0.984 37 0.970 
5 0.996 16 0.990 27 0.982 38 0.967 
6 0.986 17 0.988 28 0.971 39 0.963 
7 0.986 18 0.987 29 0.963 40 0.962 
8 0.987 19 0.993 30 0.959 41 0.962 
9 0.990 20 0.990 31 0.955   
10 0.996 21 0.989 32 0.954   
11 0.996 22 0.988 33 0.954   
 
VI.  CONCLUSIONS 
In this work, a mathematic model is proposed to decide the 
maximum island formed by single DG in distribution systems, 
and it can be extended to solve the multiple-DG maximum 
islanding problem after system topology representation 
modification. Results from case studies show that the voltage 
constraint has a strong influence on the size of the island. 
When the generator capacity reaches a certain value, the 
voltage constraint becomes the determine factor of the island 
size, and island size remains unchanged with the increase of 
generator capacity. On the other hand, when there exist two 
DGs, the impact of the voltage constraint becomes smaller due 
to the reactive power support introduce by DGs.  
Therefore it can be concluded that, when the given total 
generator capacity is large enough, installing two DGs at 
proper placements is more likely to maximize formed island, 
while when the total capacity of DG is relatively small, 
installing one generator would be more favorable. 
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